Abstract-Software engineering is an area with a wide range of concepts and knowledge. To this diversity of topics, you may need to apply different teaching and learning techniques to be effective. One such technique is the use of serious games, but the design of such games tends to be complex, currently lacking a map of game design standards that comply with the Software Engineering education requirements. This paper presents the process to identify the game design patterns that can be effective for teaching software engineering, specifically the software project management topic. The process begins by identifying the relationship between game design patterns and teaching and learning functions based on literature review. Then the work follows establishing a relationship between teaching and learning functions and software project management education through questionnaires made to software engineering teachers. Finally, it sets up the relationship between game design patterns and software project management education through an empirical study conducted with master students. These results can be used as a basis for designing and developing serious games for teaching software project management.
I. INTRODUCTION
Software Engineering is a domain area with a vast scope and high density of concepts and knowledge. The IEEE proposed an organizational structure (known as Swebok [1] ), as to create a consistent and common understanding of its contents, and of the related areas to which it is connected. Due to such diversity of knowledge, a huge amount of learning and teaching techniques can be found, deemed suitable for apprehending its topics and concepts [12] , [13] , [14] , [15] .
One of those techniques is the use of serious games, as to improve the capture and understanding of Software Engineering knowledge. But the design of such games tends to be complex, preventing its use on a bigger scale [16] . Furthermore, the requirements for an effective and successful game do not always match the requirements for a proper Software Engineering learning task. This paper describes the applied process to elicit the learning and teaching functions [3] important for Software Engineering education, specifically the software engineering management sub-area (according to the Swebok) of Software Engineering, followed by the identification of game design patterns that fulfill such specific functions. Game design patterns describe player interaction while playing.
To validate the results, an empirical study with students was performed, using a serious game designed for Software Engineering education (SimSE).
In the following sections, this paper will present the state of the art about game design patterns and learning and teaching functions for Software Engineering, the process used to achieve the results, the case study used to validate such results, and finally, the conclusions and future work.
II. STATE OF THE ART

A. Software Engineering Education
Shaw [2] states that education for software engineers if often mistaken for education for programmers and other nonengineers. She also refers that one step to solve this problem is to identify the distinct roles in software development and apply specific education methods to each of these roles.
B. Learning and Teaching Functions
In its definition [3] , a learning function regards the learner's point of view on how to link new information to prior knowledge, how to organize information, and how to acquire cognitive and meta-cognitive knowledge.
A teaching function defines the teacher's goal at ensuring the learner has the proper equipment (i.e, using the proper learning functions) in order to engage with the learning material in a meaningful way. In this regard, an important teacher function is to identify and analyze thoroughly those functions executed by learners when they try to make sense of and learn from teaching, and to assist learners in acquiring and executing these functions.
Taking Software Engineering educational problems, the existent learning and teaching functions were analyzed. Grosser [3] 
C. Game Design Patterns
After identifying the learning and teaching functions that could help to address the issue, the focus became the search for game design patterns to apply such functions. Design patterns are reusable good solutions for recurring problems within a specific context [17] [18]. Bjork and Holopainen [5] developed a collection of 296 design patterns relevant to games, most specifically, design of games. This patterns are divided in 11 categories, regarding 4 different views on games: holistic, boundaries, time and structure of the game. Those 11 categories are presented below:
• Game elements patterns: These patterns describe game objects that define the area of the game reality or that players can manipulate (48 patterns) (example: Clues: hints on how to proceed within the game narrative); • Patterns for resources and resource management:
These patterns describe different types of resources that can be controlled by the players and the game system (20 patterns) figure 2 ). Their process was the following: 1) Start from Shuell and Moran's learning and teaching functions; 2) Connect the learning functions to the pedagogical taxonomies of Gagne [7] , Heinich et al. [8] , Kolb [9] and Keller [10] ; 3) Using the connections established in point 2, identify the requirements for each learning and teaching function; 4) Select the game design patterns that best support the pedagogical concepts of the learning and teaching function, using the Bjork and Holopainen collection; Figure 1 represents the mapping obtained between the game design patterns and the learning and teaching functions of the Learner Regulation category.
As far as we know, there is no mapping of such game design patterns to Software Engineering (SE) Management. The establishment of this mapping is the goal of this paper.
III. METHODOLOGY The approach followed to establish a relationship between SE Management and Game Design Patterns consisted in three steps.
• The first step was to identify the relationship between game design patterns and teaching and learning functions (represented by edge A in figure 2 ). This was validated based on the work of Kelle [6] . • The second step was to establish a mapping between learning and teaching functions and SE Management knowledge. This is represented in figure 2 by edge B and was established based on a survey.
• The third step (edge C in Figure 2 ) was to establish a mapping between game design patterns and SE Management and knowledge which was performed by an experiment.
Learning and Teaching Functions ←→ SE Management Knowledge (Edge B)
In order to validate the use of Shuell and Muran's learning and teaching functions in Software Engineering Management education, a survey with professors of Software Engineering was conducted. In this survey, the professors selected which of the 22 learning functions were relevant to which main topic of Software Engineering Management area (Initiation and Scope Definition, Software Project Planning, Software Project Enactment, Review and Evaluation, Closure, Software Engineering Measurement, Software En-gineering Management Tools).
From the results, it was possible the determine that for each one of the topics of Software Engineering Management area refereed, there was at least one learning function that gathered 100% agreement from all the professors, validating the adequacy of such functions to the knowledge area in question.
The third step was to establish a mapping between game design patterns and SE management knowledge.
Game Design Patterns ←→ SE Management Knowledge (Edge C) There were 7 of the learning and teaching functions (listed below) with total agreement between professors. That functions were selected because their related design patterns (edge A in figure 2) were present in the game SimSE (sec. IV) used in the experiment.
• Attention ←→ Narrative patterns (surprises pattern) The procedure used to validate the usage of this selected game design patterns in Software Engineering Management education is presented in the following section of this paper.
IV. CASE STUDY
In order to establish the mapping between game design patterns and Software Engineering Management Education (edge C in Figure 2 ), an empirical study with students was designed.
A. Subjects
The experiment subjects were 31 MSc students of the 2nd year of the Integrated Master in Informatics and Computing Engineering (MIEIC), from Faculty of Engineering of the University of Porto. Being students of the 2nd year, they had only a very basic knowledge of Software Engineering Management, making easier to identify and analyze knowledge improvements from the experiment performed.
The subjects were divided into 2 groups:
• Group A: This group answered the questionnaire after playing the game SimSE; • Group B: The students of this group answered the questionnaire in the beginning of the experiment, then they played the game SimSE after which they answered the questionnaire again.
To minimize threats to validity, the average scores (within MIEIC) of the two groups were analyzed in order to ensure that individuals from both groups were similar in terms of skills and knowledge. Figure 4 shows the experiment protocol and all its phases.
B. Experiment Environment
Setting and Monitorization
The experiment was conducted in classroom in order to minimize external environmental factors that might threaten the validity of the results.
Each pair of students had a workstation to play the game, one guide and the SimSE download link. The experiment started with a tutorial about SimSE. The actions and goal of the game were explained, since none of the subjects knew the game before this experiment (verified in External Factors and Overall Satisfaction section). The SimSE version used was the Waterfall model.
Protocol
In this experiment, the treatment to which both groups were submitted was similar, differing only in the phase in which the groups were submitted to the knowledge questionnaire for the first time. Each phase of the experiment is present below: The purpose of Group A treatment is to measure the intake of knowledge (about software engineering management) after playing the game, without being "biased" by answering a questionnaire before hand. Group B is evaluated for knowledge before and after playing the game (via questionnaires), thus measuring (by comparison) the actual intake of knowledge. It is assumed that, as both groups have similar backgrounds (threat discarded by the pre-questionnaire), the pre-game knowledge on SE management of both groups is similar, allowing for an effective analysis of the results on the questionnaire of Group A.
C. Data Analysis
In this subsection, all the data that resulted from the analysis of the questionnaires of the experiment is presented.
Background
In order to determine if the subjects had the level of background knowledge suitable for this experiment, a prequestionnaire was conducted. The questions and respective results of such questionnaire are presented below. The questionnaire was designed using a Likert scale with 5 points: (1) strongly disagree, (2) somewhat disagree, (3) neither agree nor disagree, (4) somewhat agree, and (5) Group A (x = 1, 00, σ = 0, 00) and Group B(x = 1, 08, σ = 0, 28) showed desired levels of knowledge about SimSE for the experiment (no knowledge, values below 2); 5) I have game experience on the game SimSE:
Both Group A (x = 1, 00, σ = 0, 00) and Group B(x = 1, 08, σ = 0, 28) showed desired levels of game experience with SimSE for the experiment (no experience, values below 2);
External Factors and Overall Satisfaction
Even in a controlled experiment there are aspects out of control that might threaten the validity of the results. Such aspects were covered in the post-questionnaire and the results are presented below. This questionnaire was also designed using a Likert scale with the same 5 point scale as the previous questionnaire.
• External Factors • Overall Satisfaction: 1) I found the experiment suitable for the course:
The subjects from both groups found the experiment suitable for the course -Group A (x = 4, 78, σ = 0, 55), Group B(x = 4, 56, σ = 0, 66); 2) I found the guide suitable for a nice (but basic) game experiment: The subjects from both groups found the guide suitable for the experiment, but the values below 4 suggest that could be some improvement -Group A (x = 3, 83, σ = 0, 86), Group B(x = 3, 85, σ = 0, 80); 3) I found the tutorial suitable for a nice game experiment: The subjects from both groups found the tutorial suitable for the experiment, but the values below 4 suggest that could be some improvement -Group A (x = 3, 83, σ = 0, 62), Group B(x = 3, 85, σ = 0, 69).
Knowledge Questionnaires
In order to evaluate the groups knowledge on Software Engineering Management, with and without playing the game SimSE, a questionnaire of 25 multiple choice questions was designed. This questionnaire was equal to both groups (A, B1 and B2 served only as questionnaire identifiers) and can be found in the following URL: http://web.fe.up.pt/ apaiva/QuestionnaireCSE15.pdf.
The following chart ( Figure 5 ) represents the questionnaire scores for the group B, at the first attempt before playing the game, and group A, also first attempt but after playing the game. Figure 5 shows that subjects that played the game SimSE for 45 minutes (group A) achieved better scores that the subjects that did not play the game (group B). This translates to an 36,54% score's improvement in result of playing the game SimSE (A vs. B).
Then it was checked if the subjects from group B would also improve their own scores by playing the game and taking the questionnaire afterwards.
The chart of Figure 6 shows an 32,85% improvement of group B's scores, in result of playing SimSE.
Combining these results, the selected game design patterns can be validated as suitable for Software Engineering Management education.
V. CONCLUSIONS
Software Engineering is a domain area with a vast scope and high density of concepts and knowledge. It is difficult to teach Software Engineering Management to students due to its diversity of topics and concepts, and their respective suitable techniques. Games can help with that education, but are complex to design and develop. A map of game design patterns for Software Engineering Management can decrease that design effort and may favor the development and use of such games. This paper described the process of gathering and validating a set of game design patterns important for Software Engineering Management education. A part of that process was the validation of the learning and teaching functions (edge B in Figure 2 ), accomplished through surveys to Software Engineering teachers. Not all contacted professors provided feedback, however, obtained responses ranged from diverse universities at national and international level. The empirical study placed computer science students with low knowledge of Software Engineering Management playing the game "SimSE", so that the results collected fitted the target population.
The results of the experiment validated the mapping (edge C in figure 2 ) of the identified game design patterns for Software Engineering Management, as the questionnaire's results showed a clear improvement in knowledge intake. However, the coverage of these game design patterns could be extended within the Software Engineering area, through further research.
In the future, the pre-questionnaire may be replaced by an exam in the beginning of the experiment to assess the students' level of software engineering management knowledge in a more detailed way.
The results achieved in this work may be used in the design and development of games for Software Engineering education in general. This work refers only to SE management knowledge because SE is a broad area, but the same approach can be followed and extended to other subjects within Software Engineering. To improve the quality of the game, the maximum number of the identified game design patterns should be considered, covering as much learning functions as possible.
